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ABSTRACT 
Geostat ionary and p o l a r   o r b i t i n g  s a t e l l i t e  data  from t h e  
National  Oceanic  and  Atmospheric  Administration  have  been 
used   to   opera t iona l ly   p rovided   f ie ld   hydro logis t s   wi th  
b a s i n   s n o w c o v e r   p e r c e n t a g e s   f o r   i n c l u s i o n   i n   r u n o f f  
models.  Data  reduction is  accomplished  thru  the  use  of  
o p t i c a l  r e c t i f i c a t i o n  d e v i c e s  and e l e c t r o n i c  c o l o r  d e n s i t y  
s l icers .  Over two thousand (2000) s a t e l l i t e - d e r i v e d  snow 
maps covering 30 d i f f e ren t   bas ins   i n   t he   wes t e rn   Un i t ed  
S t a t e s  were provided   to   users   dur ing   the   four -year   per iod  
of   the ASVT project .   Plans  for   improving snowmapping 
t e c h n i q u e s   o n   c o m p u t e r   i n t e r a c t i v e   s y s t e m s   a n d   b y  
a l l - d i g i t a l   a n a l y s i s  are presented. A desc r ip t ion   o f   t he  
newest generation of NOAA p o l a r  o r b i t e r s ,  TIROS-N, and i t s  
p o t e n t i a l   f o r  snowmapping i s  reviewed.  Snowcover 
percentages   for  a l l  basins  determined  between November 
1974 and J u l y  1978 are presented  in  tabular  format .  
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OPERATIONAL APPLICATIONS OF SATELLITE SNOWCOVER 
OBSERVATIONS - NOAA/NESS SUPPORT STUDY 
S t a n l e y   R .  Schneider  
National Environmental Satell i te Service 
Washington, D.C. 
INTRODUCTION 
This  is t h e  f i n a l  r e p o r t  of t h e  work performed by NOAA/NESS personnel under 
the  ASVT program of Operational Applications of Sa te l l i t e  Snowcover Observa- 
t i ons .  The per iod  covered  in  the  repor t  is January 1, 1975 t o  December 31, 
1978. 
THE SNOW ASVT PROGRAM 
According t o  Rango (1975) p o s i t i v e  r e s e a r c h  r e s u l t s  i n  b o t h  snowmapping and 
r u n o f f  c o r r e l a t i o n s  l e d  t o  a dec i s ion  a t  NASA i n  1975 t o  o p e r a t i o n a l l y  tes t  
the  use  of remotely sensed snowcovered area for  improving  runoff  forecas ts  
i n  a four-year  durat ion Applicat ions System Verif icat ion T e s t  (ASVT). A 
con t r ac t  w a s  l e t  t h a t  same y e a r  t o  NOAA/NESS t o  promote a s tudy  in  suppor t  of 
t h e  snow ASVT. S i n c e  t h a t  time data from NOAA/NESS have been regular ly  
shipped on r e q u e s t  t o  t h e  ASVT tes t  sites in Arizona,  Cal i fornia ,  Colorado 
and the  Pac i f ic  Nor thwes t .  These  da ta  have  usua l ly  been  in  the  form of 
sa te l l i t e  i m a g e r y ,  d i g i t a l  tapes and  completed snow maps. Daily N O M  snow- 
cover data have been used a t  t h e  f o u r  test sites t o   f i l l   i n   t h e  gaps created 
by t h e  less frequent coverageof Landsat-1 and 2. 
A s  p a r t  of t h e  ASVT Program a NESS r e p r e s e n t a t i v e  was s e n t  on a two week 
t r a i n i n g  m i s s i o n  t o  a l l  t h e  ASVT test  sites in January 1977.  Mini-snowmapping 
workshops were conducted  in  Por t land ,  Denver  and P l a c e r v i l l e ,  C a l i f o r n i a .  A 
snow s u r v e y  f l i g h t  i n  A r i z o n a  was arranged by r e p r e s e n t a t i v e s  of t h e  U.S. 
Geological  Survey and the Sal t  River  Project  to  help the NESS ana lys t  ga in  a 
"feel"  for  the appearance of snowcovered t e r r a in  in  the  Sa l t -Verde  wa te r shed .  
Some of t he  NESS  ASVT funds have been used to defray the cost of equipment 
purchased  in  suppor t  o f  the  snowmapping s tudy ,  i . e . ,  Zoom Transfer Scopes and 
dens i ty  sl icer v id icons .  However, as t h e  ASVT program now comes t o  an  end, 
i t  becomes obvious  tha t  i t s  m a j o r  b e n e f i t  t o  o p e r a t i o n a l  snowmapping a t  NESS 
has  been  to  make t h e  u s e r  community aware o f  t h e  a v a i l a b i l i t y  and usefulness 
of sa te l l i te  snowcover d a t a .  I n  f a c t ,  several of the  basins  (Rio  Grande, 
Fea the r ,   Sac ramen to )   o r ig ina l ly   t a rge ted   fo r   l imi t ed -dura t ion   s tudy   i n  sup- 
p o r t  of t h e  ASVT have now been added to  the  ongoing  Opera t iona l  Snowmapping 
Program a t  NESS. 
SATELLITES AND SENSORS 
NOAA/VHRR 
From 1973  to  1978 ,  t he  p r imary  senso r  used  to  ob ta in  da t a ' fo r  t he  NESS 
Snowmapping Program was t h e  Very High Resolution Radiometer (VHRR) onboard 
t h e  N O M  series of po lar -orb i t ing  satell i tes.  The VHRR is  s e n s i t i v e  t o  two 
por t ions  of  the  spec t rum,  a 0.6 t o  0 . 7  um (v i s ib l e )  and  a 10 .5  to  12 .5  um 
(thermal  infrared)  channel.   Coverage  over  most  basins i s  ava i lab le   once  
d a i l y  i n  t h e  v i s i b l e  and twice each day i n  t h e  t h e r m a l  i n f r a r e d  p o r t i o n s  of 
the spectrum. Data from the sa te l l i t e  are rece ived  through the  High  Resolu- 
t ion  P ic ture  Transmiss ion  (HRPT) system a t  t h r e e  NESS r e c e i v i n g  f a c i l i t i e s ;  
Wallops Is land,  Virginia ,  Redwood City,  California,  and Gilmore Creek, 
Alaska. The r a w ,  ungridded unmapped image s i g n a l s  are displayed  through a 
fi lm recorder which produces a 25 c m  by  25 c m  f i l m  n e g a t i v e .  Each negat ive  
covers an area approximately 2100 km square  wi th  3 f rames  usua l ly  ava i lab le  
p e r  p a s s .  P r i n t s  from t h e  image nega t ives ,  a t  a normal scale of  1:10,000,000 
and a r e s o l u t i o n  of 1 km ( a t  n a d i r ) ,  are used i n  snowmapping.  The VHRR 
achieves lateral  coverage through continuous horizon-to-horizon scanning by a 
mir ror  or ien ted  perpendicular  to  the  forward  mot ion  of  the  spacecraf t .  S ince  
t h e  m i r r o r  r o t a t e s  a t  a cons tan t  angular  rate, the  geometr ic  reso lu t ion  on 
the ground changes as the  d is tance  f rom the  sa te l l i t e  subpoin t  increases .  
The r e s u l t i n g  image produced from these signals w i l l  appear  foreshortened 
i n  t h e  area o f  t h e  h o r i z o n s .  T h i s  f o r e s h o r t e n i n g  o r  d i s t o r t i o n  i n  t h e  image 
c a n  b e  c o r r e c t e d  e i t h e r  t h r o u g h  o p t i c a l  r e c t i f i c a t i o n  o r  by f u r t h e r  computer 
p rocess ing  u t i l i z ing  an  a lgo r i thm desc r ibed  by R. L.  Legeckis and J. P r i t c h a r d  
(1976). 
SMS/GOES 
Five satell i tes i n  t h e  SMS/GOES series have been launched thus far. The f i r s t  
two Synchronous Meteorological Sa te l l i t es ,  SMS-1 and SMS-2, were NASA spon- 
sored  prototypes.  The most r e c e n t  t h r e e ,  GOES-1, 2 and 3 were e n t i r e l y  
NOAA funded (the acronym stands for  Geostat ionary Operat ional  Environmental  
S a t e l l i t e ) .  The sa te l l i t es  are dubbed geos t a t iona ry  because  the i r  pos i t i on  
relative t o  t h e  e a r t h ' s  s u r f a c e  r e m a i n s  f i x e d .  The sa te l l i t e  i n  t h i s  series 
tha t  can  cur ren t ly  be  used  to  moni tor  the  east coas t  i s  GOES-2; i t  was 
launched on June 15, 1977 and is s t a t ioned  ove r  t he  equa to r  a t  75OW longi tude  
a t  a n  a l t i t u d e  of 37,500 Km2.  GOES-3, which w a s  launched on June 16 , 1978 , 
i s  s t a t i o n e d  a t  135"W and is  c u r r e n t l y  t h e  o p e r a t i o n a l  w e s t  coas t  satell i te.  
The imaging sensor on board the SMS/GOES is t h e  V i s i b l e  and Inf ra red  Spin  
Scan  Radiometer  (VISSR). The sensor  can provide imagery in  both the vis ible  
and t h e  i n f r a r e d  p o r t i o n s  of the spectrum (as i ts  name impl ies )  as o f t e n  as 
every half-hour.  Imagery from the VISSR can  be  obta ined  in  a v a r i e t y  of 
r e s o l u t i o n s .  Raw d a t a  is received from the sa te l l i t e  a t  a r e s o l u t i o n  of 1 Km 
but can be averaged to produce images of l a r g e r  spa t i a l  coverage a t  2-,  4-  o r  
8 Km r e so lu t ion  ( the rma l  in f r a red  VISSR d a t a  i s  a v a i l a b l e  o n l y  a t  a resolu-  
t i o n  of 8 Km). 
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The 1 Km VISSR images have been the data  source for  many of  the  opera t iona l  
snow maps produced since 1975. No computer  programs p r e s e n t l y  exist t o  geo- 
m e t r i c a l l y   c o r r e c t   t h e   d i s t o r t i o n   i n h e r a n t   t o   t h i s   t y p e  of  imagery.  However, 
small areas on t h e  image may b e  r e c t i f i e d  on o p t i c a l  d e v i c e s  by s t r e t c h i n g  
a long  the  ax i s  de f ined  by the  s tudy  area and the sa te l l i t e  subpoint .  
CURRENT  METHODOLOGY 
Snow maps are produced a t  NESS by f i r s t  e n l a r g i n g  and  r ec t i fy ing  a v i s i b l e  
VHRR o r  VISSR image t o  o v e r l a y  a hydro logic  bas in  map. A Bausch  and Lomb 
Zoom Transfer Scope (ZTS) i s  u t i l i z e d  f o r  t h i s  p u r p o s e .  
Reg i s t r a t ion  of image t o  map on the ZTS involves  a l ign ing  phys iographic  land-  
marks  such as l akes ,  rivers and shore l ines .  Af t e r  r eg i s t r a t ion  has  been  
achieved the snow l i n e  on t h e  image i s  t r aced  on to  the  bas in  map and snow- 
covered areas are co lo red  in .  Pe rcen tage  snowcover f o r  t h e  b a s i n  i s  then 
determined by u s i n g  a n  e l e c t r o n i c  d e n s i t y  s l icer .  The snow map is  placed 
on t h e  d e n s i t y  sl icer w i t h  a previously prepared opaque mask o u t l i n i n g  t h e  
bas in .  The dens i ty  slicer se l ec t ive ly  co lo r  i l l umina te s  g ray  shades  on t h e  
map. The co lo r s  are pro jec ted  onto  a d i sp lay  sc reen  and  pe rcen tage  va lues  fo r  
each  co lor  are read from a d i g i t a l  meter. 
THE NESS SNOWMAPPING  PROGRAM 
I n  l a te  1972,  hydrologis ts  a t  NESS determined that  NOAA-2 sa te l l i t e  imagery 
could be used to  create t imely maps dep ic t ing  snowcover  over  r iver  basins  of 
v a r y i n g   s i z e ,   l o c a t i o n  and  topography  (Wiesnet  and  McGinnis,  1973). Snow- 
mapping was upgraded t o  t h e  s t a t u s  of an operational program a t  NESS during 
1974 (Schneider e t .  a l . ,  1976)  and  has  continued t o  expand in  scope  ever 
s ince .  Indeed ,  areal snowcover  measurements are now be ing  rou t ine ly  made a t  
NESS f o r  t h i r t y  c r i t i c a l  b a s i n s  i n  t h e  U n i t e d  States and  Canada.  The d a t a  are 
d isseminated  to  the  user  community  by m a i l ,  t e l e t y p e  and t e l e c o p i e r .  
The areal  snowcover da ta  and/or  snow maps are p rov ided  to  water resource  
managers i n  numerous f e d e r a l ,  s ta te  and loca l  agenc ie s .  A map of the  wes tern  
United States showing many of t h e  o p e r a t i o n a l  b a s i n s  is  p r e s e n t e d  i n  f i g u r e  1. 
A l i s t  of primary users and information on t h e  p r e c i s e  l o c a t i o n  and s i z e  of 
each  bas in  i s  g i v e n  i n  t h e  accompanying  Table 1. The bas ins  are s i m i l a r l y  
numbered  on table  and map. 
The areal snowcover percentages are d ispa tched  over  the  RAWARC t e l e t y p e  
c i r c u i t  t o  N a t i o n a l  Weather Service River Forecas t  Centers  (RFC) i n  Sacramento, 
F o r t  Worth, S a l t  Lake C i ty ,  Kansas City and Portland and River District 
Offices i n  Great Falls,  Phoenix  and  Albuquerque. Snowmaps are sen t  ove r  tele- 
cop ie r  o r  t h rough  the  mail t o  o the r  agenc ie s  inc lud ing  the  U.S. Geological  
Survey, Bureau of Reclamation, Corps of Engineers, Soil Conservation Service 
and U.S. Fores t  Serv ice .  
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RIVER BASINS FOR NESS OPERATIONAL SNOW MAPPING 
Figure 1. Map showing loca t ion  of ope ra t iona l   bas ins  
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Table 1 
River B a s i n  
American above Fair Oaks (15) 
Boise above Lucky Peak (11) 
BASINS . . . . .- . BEING.I+'P@ AS OF 1978 
Drainage Area i n  Km' 
Carson  (18) 
Clearwater above Peck (7) 
Colmbia River above Mica Dam (1) 
Deschutes (4) 
Feather above Oroville (14) 
Mrmboldt above Comus (20) 
John Day (5) 
Kootenay  above  Libby (2) 
Missouri River above Canyon Ferry Dam 
North Platte between Alcova 
and Guernsey (22) 
North Platte above Seminoe (23) 
Northeast U S .  Snow Map 
Payette above m t t  (10) 
Rio Grande above (310.-New Mexico 
State Line (26) 
Rio Grande above Del Norte (25) 
Sacramnto above Shasta (13) 
Salmn above Whitebird (8) 
Sal t  (28) 
5,601 
6,941 
8,864 
20,824 
21,290 
27,195 
9,386 
31,339 
19,632 
23,277 
40,714 
12,198 
15,274 
6,941 
19,900 
3,419 
16,630 
35,095 
16,141 
Primary Users 
Sacramnto RFC 
Portland RFC, Colmbia Basin 
Network 
Soil Conservation Service, 
Sacramento RFC 
Portland RFC, Columbia Basin 
Network 
Portland RFC, Columbia Basin 
Network, B.C. Hydro & Power 
Authority, Environment Canada 
Portland RFC, Columbia Basin 
Network 
California State Dept. of Water 
Resources 
Sal t  Lake City RFC, Soil Conser- 
vation Service 
Portland RFC, Colmbia Basin 
Network 
Portland RFC, Columbia Basin 
Network 
Soil Conservation Service, Great 
Falls RDO 
Bureau of Reclamation, Kansas 
City RFC, Soil  Conservation 
Service 
Bureau of Reclamation, Kansas 
Service 
City RFC, Soil Conservation 
NE Regional Hydrologist NWS 
Portland RFC, Columbia Basin 
Network 
Soil  Conservation Service, Fort 
Worth RFC 
Soil Conservation Service, Fort 
Worth RFC 
California State Dept. of  Water 
Resources 
Portland RFC, Colmbia Basin 
Network 
Sal t  Lake City RFC. Phoenix Rw, 
Sal t  River Project, U.S. 
Geological Survey 
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Table 1 Continued 
BASINS  BEING MAPPED AS OF 1978 
River Basin 
San Juan (24) 
Snake above Palisades (12) 
St. John 
Drainage  Area in h' Primary Users 
65,273 Salt Lake City RFC 
13,340 Portland RFC,  Columbia Basin 
Network 
55,167 
Sweetwater  abov  Pathfinder (21)  6,0 7 
Tahw-Truckee  (16,  17)  7,665 
h t i l l a  (6)  5,931 
Verde  (27) 
Walker (19) 
Weiser (9) 
Willamette  (3) 
Marine Bureau of C i v i l  Emergency 
Preparedness, New Brunswick 
Dept. of Environment, Environment 
Canada, St. John Basin Task Force 
Bureau of Reclamation, Kansas City 
RFC, Soil Conservation Service 
Soil Conservation Service, 
Sacramento RFC 
Portland RFC, Colunbia Basin 
Network 
17,094 Salt Lake C i t y  RFC, Phoenix 
RDO, Salt River Project, U.S. 
Geological Survey 
9,241 Soil Conservation Service, 
Sacramento RFC 
3,781 Portland RFC, Columbia Basin 
Network 
26,159 Portland RFC,  Columbia Basin 
Network 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Notes on Users: 
1. The Colwnbia Basin Network includes the Soil Conservation Service, Bureau of Reclamation. U.S. 
Geological Survey, U.S. Amy Corps of Engineers, Nafional Weather Service, Bonneville Power 
Administration, B.C. Hydru and Power Authority, as w e e 1  as other state and local agencies. 
2.  Basins being done for the Bureau of Reclamation in  Denver, Colorado, are retransmitted from 
the  si te  to  f ield  offices  in Caspar, Laramie, and Cheyenne, woming. 
3. The St. John Basin Task Force includes the National Weather Service, U.S. Amy Colps of 
Engineers, U.S. Geological Survey, Environment Canada, and other state, provincial agencies. 
4. lucost basins are mapped twice weekly cloud cover permitting. The Salt, Verde and St. John 
basins are mapped daily cloud cover permitting. The Tahce-Truckee, Carson and Walker basins 
are mapped only a t  the end of each month. 
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Not d e p i c t e d  i n  f i g u r e  1 b u t  l i s t e d  on t h e  t a b l e  are the  S t .  John  bas in  in  
Maine and New Brunswick, the Missouri River above Canyon Fer ry  Dam and the 
Northeast  U.S. snow map. The Nor theas t  ana lys i s  i s  f i r s t  t r a n s m i t t e d  o v e r  
t e l e c o p i e r  t o  t h e  Weather Service Eas te rn  Regional  Hydrologis t  in  New York and 
i s  then  r e rou ted  to  RFC's i n  Har t fo rd ,  Har r i sbu rg  and  Cincinnati .  Snowmaps 
for  the  Missour i  River  above  Canyon Fer ry  Dam were begun i n  November 1978, a t  
the  r eques t  of t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  o f f i c e  i n  Bozeman, Montana. 
Basin snow maps are made on an .average of once a week beginning November 1st 
and terminating when t h e  snowpack appears  a lmost  to ta l ly  deple ted  on t h e  
imagery. The analyses  can only be made  when the  bas in  is f r e e  of obscuring 
clouds.   Accordingly,   basins   in   the  southwestern  United  States  and Cali- 
f o r n i a ' s  Sierra Nevada are mapped more o f t e n  t h a n  t h o s e  i n  t h e  less c loudfree  
Pacif ic  Northwest .  
Over s i x  hundred snowcover measurements were made a t  NESS dur ing  the  1977-1978 
snow season; a monthly  breakdown is g iven  in  Tab le  2. Complete snowmapping 
d a t a  f o r  e a c h  b a s i n  are p rov ided  in  t abu la r  form i n  Appendix B. T o t a l s  f o r  
t h e  p a s t  f o u r  y e a r s  are as fol lows : 
Snow Year 
19 74-19 75 
1975-1976 
1976-1977 
1977-1978 
Number of Snow Maps 
441 
520 
494 
606 
TOTAL 2061 
The snowcover d a t a  are gene ra l ly  p rov ided  to  use r s  w i th in  30 hours of a satel- 
l i t e  overpass  so  they  can  be  incorpora ted  in to  watershed  runoff  forecas t  
models .   Qual i ty   control   techniques  used are desc r ibed  in  Schne ide r  e t  a l .  
(1976). They inc lude  checks  of  the  opera t iona l  snow maps wi th  h igher  reso lu-  
t ion  Landsa t  sa te l l i te  d a t a ,  computer-enhanced  imagery,  ground-based  snowpack 
measurements  and  aerial-survey maps.  The data  from aerial  surveys are 
p a r t i c u l a r l y  u s e f u l  f o r  q u a l i t y  c o n t r o l  p u r p o s e s  and are provided  for  bas ins  
in  Arizona,  Idaho,  and Bri t ish Columbia,  respect ively by t h e  S a l t  River 
P r o j e c t ,  Walla Walla Distr ic t  Corps of Engineers,  and the Brit ish Columbia 
Hydro and Power Authori ty .  
USER  EVALUATIONS 
I n  a n  e f f o r t  t o  s t r e a m l i n e  and improve snowmapping a t  NESS a d e t a i l e d  
ques t ionna i r e  w a s  s e n t  o u t  t o  p r i m a r y  u s e r s  o f  t h e  snowcover d a t a  on 
October  24,  1978. The ques t ions  were d i rec ted  towards  user  needs  in  terms of 
t imel iness ,   f requency ,   accuracy   and   qua l i ty   cont ro l .  Of seventeen  responses ,  
t h r e e  r a t e d  t h e  snow maps as "exce l l en t " ,  fou r t een  r a t ed  them as "good:  and 
two r a t e d  t h e  maps as " f a i r "  ( i n  some cases more than one box w a s  checked). 
The fol lowing appl icat ions of  the snowcover  data  were mentioned:  runoff  fore- 
ca s t ing ,  f l ood  p reven t ion ,  water resource planning, research and development,  
r e se rvo i r /dam regu la t ion ,  i r r iga t ion  p l ann ing  and i n c l u s i o n  i n  state b u l l e t i n s .  
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Table 2 
NUMBER OF SNOWCOVER WSUREHENTS 
November 1 ,  1977 - July 31. 1978 
BASIN 
American 
Boise 
Clearwater 
Columbia 
Feather 
Great Lake5 
Humboldt 
John Day 
Kootenay above Libby 
North P la t te  between / 
North P la t te  above 1 
Seminoe ; 5 " 1 
Northeast  U.S. i 6  ' 8 
Payette 
"2. 
~- t ~ -  " 
- "II_ 
Rio Grande above Dcl 
Norte 4" 
R 
i 
i  
+ 
" 
Sacramento 
S a l w n  
Sa l t  
San Juan 
St .  Jahn 
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Users repor t ed  tha t  t hey  were checking the sa te l l i t e  snowcover accuracy by 
us ing  runoff  da ta ,  snow course data, hydromet networks, aerial  surveys (both 
fixed and rotary wing) and mathematical models (SSAR and FLOCAST were 
mentioned). 
Users reques ted  coverage  for  over  30 add i t iona l  bas ins .  Seve ra l  o f  t he  use r s  
r e q u e s t e d  t h a t  t h e  d a t a  b e  t r a n s m i t t e d  t o  them i n  a more t imely  fash ion ,  i .e. ,  
ove r  t e l ecop ie r  r a the r  t han  th rough  the  mail. A sample of t he  ques t ionna i r e  
i s  i n  Appendix A. 
DEVELOPMENT 
TIROS-N 
The f i r s t  of a new genera t ion  of  po lar  orb i t ing  satel l i te ,  TIROS-N w a s  
launched  on  October 13, 1978. A second satel l i te  i n  t h i s  series, N O M - A  w i l l  
be  launched in  ear ly  1979.  Together ,  the satel l i tes  w i l l  be  ab le  to  p rov ide  
coverage four  times daily  (0300,  0730,  1500,  1930  Local  Standard Time) over 
most areas i n  t h e  U n i t e d  States and  Canada.  Each sa te l l i t e  w i l l  have  an 
Advanced  Very  High Resolution Radiometer (AVHRR) onboard which w i l l  be  ab le  
to  provide  coverage  in  the  fo l lowing  f ive  channels :  
Channel 1 .58-.68 um 
Channel 2 .725-1.0 um 
Channel 3 3.55-3.93 um 
Channel 4 10.5-11.5 um 
Channel 5 11.5-12.5 um 
Seve ra l  s tud ie s  (S t rong ,  e t  a l . ,  1971;  Wiesnet et a l . ,  1975;  and  O'Brien  and 
Munis,  1975)  have shown t h a t  i t  i s  o f t e n  p o s s i b l e  t o  d e t e c t  metamorphosed (or  
mel t ing)  snow and i c e  by comparisons of simultaneous Landsat visible (MSS-5) 
and   near   in f ra red  (MSS-7) imagery .   These   s tud ies   ind ica te   tha t   the   re f lec t -  
ance of  metamorphosed snow and ice is less i n  t h e  n e a r  i n f r a r e d  t h a n  t h a t  
of f resh nonmelt ing snow.  The ava i lab i l i ty  of  s imul taneous  AVHRR v i s i b l e  
(Channel 1) and near infrared (Channel 2) imagery may thus al low NESS in-  
v e s t i g a t o r s  t o  g i v e  o p e r a t i o n a l  r e p o r t s  on the age and cond i t ion  o f  r ive r  
b a s i n  snowcover as w e l l  as i t s  areal e x t e n t .  
High  Reso lu t i on  F i  l m  Loops 
One-kilometer-resolution GOES images can be generated every half-hour and 
s t r u n g  t o g e t h e r  t o  make a f i lm loop .  The loop can then be run continuously 
through a p r o j e c t o r ,  d i s p l a y i n g  t h e  same sequence of images over and over. 
These loops have been found helpful in discriminating between cloud and 
snow,  and i n  m o n i t o r i n g  shadow e f f e c t s  on snow f i e l d s ,  f o g  d i s s i p a t i o n ,  
cumulus buildups and snow melt. 
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In te rac t i  ve Snowmappi ng 
Two new i n t e r a c t i v e  computer systems named VIRGS (VISSR I n t e r a c t i v e  R e g i s t r a -  
t i o n  and  Gridding  System) were d e l i v e r e d  t o  NESS i n  J u n e  1978. A f e a s i b i l i t y  
s tudy concerning use of  the VIRGS f o r  o p e r a t i o n a l  snowmapping has  a l ready 
been  ca r r i ed  ou t  a t  t h e  Madison campus o f  t he  Un ive r s i ty  of Wisconsin (Gird, 
1979). To use  the  sys t em fo r  snowmapping, bas in  pe r ime te r s  drawn  on s tandard  
a e r o n a u t i c a l  c h a r t s  are f i r s t  c o n v e r t e d  i n t o  g r i d  p o i n t s  t h r o u g h  t h e  u s e  of  an 
e l e c t r o n i c  d i g i t i z i n g  b o a r d ,  a n d  are t h e n  r e a d  i n t o  t h e  VIRGS. The b a s i n  
out l ines  can  then  be  d isp layed  on the  sys tem video  screen  a t  any t i m e  by 
typ ing  a s i n g l e  command on the keyboard. A j oy - s t i ck  cu r so r  i s  used  to  out -  
l i n e  snowcover on the  v ideo  sc reen ;  area s ta t is t ics  sof tware  on the  VIRGS are 
invoked  to  ca l cu la t e  and  p r in t  ou t  t he  bas in  snowcover  percentages.  Advant- 
ages  o f  t h i s  sys t em ove rpure  pho to in t e rp re t a t ion  inc lude  ease of  basin 
r e g i s t r a t i o n  and  measurement  of areal snowcover as w e l l  as t h e  a b i l i t y  t o  
display  time-sequenced sets of   images.   Present   disadvantages  include  lengthly 
set-up time, l a c k  of hard-copy output and "jumpiness" of t he  joy - s t i ck  cu r so r .  
A1 1 D i  g i  t a l  Snowmappi n q  
A p r o j e c t  is  underway a t  NESS t o  check  the  f eas ib i l i t y  o f  do ing  a l l  d i g i t a l  
snowmapping us ing  4 km v i s i b l e  GOES d a t a .  The test area i n c l u d e s  n i n e  
c o n t i g u o u s  b a s i n s  i n  t h e  S i e r r a  Nevada.  These b a s i n s  o f f e r  a wide  var ie ty  of 
t e r r a i n  c h a r a c t e r i s t i c s  and  ground  cover fo r  con t ro lpu rposes ;  t hey  are a l s o  
of i d e a l  s i z e  and l o c a t i o n  as viewed from the westcoast  geostationary satel- 
l i t e .  Data used i n  t h i s  e x p e r i m e n t  are s t o r e d  on computer  disk packs for  24 
hours.  Snow maps f o r  a l l  nine basins  can be done as o f t e n  as f i v e  times 
daily:  16452,  17452,  20452, 21452  and  00452. The model i nvo lves   t he  
th re sho ld ing  o f  each  ind iv idua l  bas in  p ixe l  fo r  snowcover and t a k e s  i n t o  
accoun t  so l a r  i l l umina t ion  ang le s  aswell as t h e  n a t u r e  of ground cover. 
D e t a i l e d d e s c r i p t i o n s  o f  t h i s  snowmapping  model as w e l l  as p r e l i m i n a r y  r e s u l t s  
f o r t h e  1978-1979 snow season are p resen ted  in  Ta rp ley ,  e t .  al .  (1979). 
F I N A L  COMMENTS 
An ope ra t iona l  sa te l l i t e  snowmapping program f o r  s e l e c t e d  r i v e r  b a s i n s  i s  now 
i n  p l a c e  a t  the  National  Environmental  Sa t e l l i t e  Service.  Owing t o  t h e  com- 
bined success  of  this  program and the NASA Snow ASVT, a l a r g e r  number  of 
reques ts  for  suppor t  have  been  rece ived  than  can  be  handled  g iven  present  man- 
power  and f i s c a l  r e s t r a i n t s .  E x p a n s i o n  of the program can therefore  only come 
about  through  the  development of  more e f f i c i e n t  ( i . e . ,  a u t o m a t e d )  t e c h n i q u e s  
f o r  snowmapping. This  i s  the  goal  towards  which sa te l l i t e  snow s p e c i a l i s t s  
must now d i r e c t  t h e i r  e f f o r t s .  
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S a t e l l i t e  Snowmapping Ques t ionna i r e  
1. 
2 .  
3.  
4 .  
5 .  
General  Information 
Phone  (commercial) 
- .". . "~ .ii_ .~ - I - 
" FT-ncf  ava i lab le  
How are NESS sa te l l i t e  snow maps t r a n s m i t t e d  t o  you? 
Tele type  
Telecopier  
Mai 1 
For what purposes are the snowcover data used now? 
runof f  fo recas t ing  reservoi r /dam regula t ion  
f lood   p reven t ion  snow survey cross check 
water resource  p lanning  h y d r o e l e c t r i c  power genera t ion  
Research & Development i r r i g a t i o n  p l a n n i n g  
i n c l u s i o n  i n  s t a t e / r e g i o n a l  b u l l e t i n s  
How do you plan to  use the snowcover  data  in  the future? 
. ~.~._".".______" 
. - . . - "" L.. " CI 
". "-i 
.~" "___..___I_ 
A r e  you s a t i s f i e d  w i t h  the  t imel iness  with which you receive 
the snowcover data? - 
__"_I_____"""" ." " ~~~ 
~- ~ __-  " - -. ". ". . . " ". ,- - 
- ".~ _- - " "- - 
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6.  Are you s a t i s f i e d  w i t h  t h e  f r e q u e n c y  w i t h  w h i c h  you are 
receiving snowcover data? (check one) 
Frequency about r i g h t  How o f t e n  do you r e c e i v e  
snowmaps now i n  an average week?- 
Need more f r e q u e n t l y  ( i f  so, how f requen t  j 
Need less f r equen t ly  ( i f  so, how f reauent ]  
7. Are t h e r e  a d d i t i o n a l  r i v e r  b a s i n s  i n  y o u r  g e o g r a p h i c  a r e a  o f  
respons ib i l i ty  you  wish  to  have  covered?  Please i d e n t i f y .  
8. Are t h e r e  a d d i t i o n a l  i n s t i t u t i o n s / a g e n c i e s  i n  y o u r  area t h a t  
might  wish t o  r e c e i v e  sa te l l i t e  snow  maps? Please iden t i fy . -  
9. How would  you rate t h e  a c c u r a c y  o f  t h e  s a t e l l i t e  snow  maps? 
Poor Fair  Good E x c e l l e n t  
. "" . ~ . .  
. ~ ... . .. . 
10. How do you check t h e  accuracy  of  the  snow cover  data? 
runoff  da ta  
snow cour se  da t a  
hydromet network 
a e r i a l  surveys 
mathematical model (i. e. ,  SSARR) 
o t h e r  
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AkRICAN 
1977 - 1978 
- Date 
November 23 
November 30 
December 5 
December 12 
December 18 
December 24 
January 7 
January 20 
January 23 
January 26 
February 1 
February 14 
February 22 
March 24 
March 27 
Date -
November 17 
November 23 
December 31 
January 4 
January 8 
January 17 
January 27 
February 1 
February 9 
February 15 
Date -
December 3 
December 7 
December 28 
January 2 
January 15 
January 19 
January 20 
January  26 
F e b m l y  2 
February 10 
February  20 
February 24 
March 4 
March 6 
. = . _  - Percent Snowcover 
44 
33 
16 
21  
44 
33 
44 
62 
45 
42 
47 
46 
40 
35 
48 
1976 - 1977 
"" _____ Percent Snowcover 
13 
9 
10 
64 
53 
42 
29 
23 
41 
29 
MER1 CAN 
1975 - 1976 
Percent Snoxcover 
19 
19  
14 
10 
9 
15 
14 
26 
17  
31 
55 
6 3  
49 
48 
_ _ _  - - -I__ 
Date 
April 2 
April 9 
April 12  
April 21 
May 3 
May 7 
May 11 
May 17  
May 22 
May 25 
May 30 
June 4 
June 11 
June 21 
-
Date -
February 25 
March 5 
March 10 
March 19 
March 2 8  
Apr i l  4 
Apr i l  14 
Apr i l  20 
May 19 
[)ate 
March 9 
March 10 
March 17  
March 20 
March 25 
March 29 
Apr i l   19  
Apr i l  23 
Apr i l  30 
May 3 
May 11 
May 13 
May 16 
May 16 
__ 
Percent Snowcover 
39 
28 
49 
28 
29 
27 
24 
22 
19 
sa 
16 
1 4  
9 
7 
Percent Snowcover 
50  
42 
40 
38 
33 
25 
18  
13 
22 
__ ~- 
" I  
Perccnt Snowcover 
46 
45 
36 
45 
41 
35 
27 
23 
15 
16  
12 
12 
12 
10 
17 
AMERCIAN 
1974 - 1975 
Date -
November 12  
November 17  
November 19 
November 23 
November 26 
December 1 
December 7 
December 15 
December 17  
December 23 
January 11 
January 13 
January 17 
January 19 
January 21 
January 22 
January 24 
January  25 
January 28 
January 30 
February 11 
February 16 
February 21 
February 23 
February 24 
February 25 
February 26 
February 28 
March 1 
March 3 
Date 
January  21 
January 30 
February 4 
February 6 
Febi-ualy 1 2  
March 13 
Apr i l  4 
April  15 
Apri l   17 
Apri l  30 
May 3 
May 6 
-
Percent Snowcover 
4 
5 
13 
20 
23 
21 
22 
1 3  
24 
30 
28 
32 
25 
20 
24 
23  
23 
22 
22 
62 
52 
46 
46 
43 
40 
42 
38 
38 
44 
l a  
AMERICAN 
1974 
Percent Snowcover 
40 
42 
39 
38 
22 
29 
31 
39 
34 
38 
30 
32 
Date -
March 26 
March 28 
March 30 
March 31 
A p r i l  1 
April   12 
Apr i l   13  
Apr i l  16 
Apri l   17 
Apr i l  18 
Apr i l  27  
April  28 
May 1 
May 6 
May 8 
May 1 2  
May 16 
May 18 
May 23 
May 25 
May 27 
May 29 
May 30 
May 31 
June 4 
June 8 
June  10 
June 14 
June 16 
J u l y  1 
Date -
May 10 
May 13 
blay 20 
May 2 1  
May 23 
May 26 
May 31 
June 5 
June  10 
June  13 
June 18 
Percent Snowcover 
56 
56 
50 
5 0  
48  
5 1  
55 
54 
54 
52 
46 
48 
48 
4 3  
48 
43  
37 
37 
42 
37 
35 
26 
31 
30 
29 
20 
19 
17 
13 
1 4  
P e r c e n t  S n w L o X  
32 
31 
21 
19 
2 s  
17 
16 
11 
11 
4 
a 
18 
AMERICAN 
- Date 
Febryary 2 3  
February 28 
March 2 
March 12 
March 15 
A p r i l  2 
Apr i l  8 
A p r i l  11 
May 2 
1973 
Percent  Snowcover 
36 
67 
40 
44 
46 
41 
-~ 
33 
36 
25 
19 
- Date 
May 8 
May 10 
May 14 
May 18 
May 23 
May 29 
June 2 
J u l y  2 
J u l y  4 
Percent  Snowcover 
17 
24 
22 
19 
12 
7 
6 
1 
T 
BOISE -
1977-1978 
Date -
November 6 
November 30 
December  5 
December 20 
January 1 
January 7 
January 23 
February 19 
February 20 
February 28 
March 6 
March 10 
March 15 
Date 
November 30 
December  15 
December 19 
December 2s 
February  17 
February 20 
bhrch 5 
Msrch  16 
March 22  
~ 
r.!A rch 11 
Percent Snowcover 
28 
82 
64 
98 
100 
86 
89 
94 
94 
88 
82 
89 
78 
BOISE 
1976 - 1977 
Percent Snowcover 
7 
11 
11 
1 2  
20 
13 
86 
70 
82 
59 
Date -
March 18 
March 26 
March  29 
Apr i l  9 
Apr i l  1 2  
April   23 
May 3 
May 8 
May 31 
June 4 
June 7 
June 17 
June 27 
J u l y  9 
D s t  c -
March 25 
Apr i l  4 
Apr i l  7 
Apr i l  1 2  
April   15 
Apr i l  20 
Apri l  27 
May 13 
May 31 
June 5 
Percent Snowcover 
78 
75 
68 
57 
53 
39 
31 
33 
23 
22 
21  
19 
13 
11 
Percent SnowcLvov 
40 
43 
39 
24 
2 1  
15 
13 
16 
10 
8 
20 
BOISE 
1975-1976 
Date 
November 12 
November 18 
December 3 
December 9 
January  16 
January 20 
January  25 
January  28 
February 1 
March 10 
February 7 
March 12 
March 21 
blarch 29 
April  4 
April 8 
April 10 
April  14 
-
" 
Date 
November 26 
December 1 
December 5 
December 29 
January 21 
February 25 
March 5 
March 6 
March 28 
March 29 
April 1 
April  12 
April  20 
May 13 
Date -
Play 16 
May 31 
June 8 
June 10 
Percent Snowcover 
70 
38 
96 
81 
96 
9 4. 
96 
93 
94 
97 
93 
88 
89 
93 
85 
80 
65 
63 
BOISE 
1974 - 1975 
" Percent  Snowcover 
87 
93 
70 
100 
98 
88 
88 
90 
88 
88 
90 
88 
86 
68 
Bo1 SE 
1974 
Percent ~ Snowcover 
15 
3s 
30 
21 
Date -
April  16 
April  17 
April  21 
April  23 
April  29 
May 1 
May 9 
May 12 
May 13 
May 15 
May 17 
May 21 
May 26 
June 5 
June 18 
June 26 
J u l y  3 
Date 
May 12 
May 13 
May 14 
May 25 
May 29 
June 1 
June 5 
June 6 
June 10 
June 14 
Junc 16 
June 22 
June 29 
J u l y  5 
- Percent Snowcover 
70 
58 
55 
66 
40 
33 
32 
29 
29 
29 
28 
20 
19 
16 
14 
14 
9 
Percent Snowcover 
68 
57 
60 
42 
34 
32 
27 
26 
21 
18 
16 
15 
12 
10 
21 
- Date 
January  21 
January 24 
February 23 
March 25 
April  22 
May 25 
June 25 
Date 
November 23 
November 27 
February 2 
February 21 
March 9 
March 18 
April  9 
April  11 
April  14 
April  16 
-
Perc,ent Snowcover 
- 
a 
7 
3 
1974 - 1975 
Percent Snowcover 
68 
80 
30 
83 
43 
59 
44 
11 
a 
a 
22 
CLEARWATER 
1977 - 1978 
Date 
November 20 
December 20 
January  30 
February 12  
February 22 
March 10 
March 15 
March 18 
March 21 
March 2 7  
Date 
November 20 
November 30 
December 1 
December 3 
December 16 
December 19 
December 28 
February 7 
February 20 
~ 
Date 
November 13 
November 18 
December 2 1  
January  20 
January 31 
March 4 
March 6 
March 8 
March 12 
A p r i l  4 
A p r i l  5 
A p r i l  8 
__ 
Percent  Snowcover 
92 
99 
9 8  
100 
a2 
76 
87  
76 
72 
6 3  
CLEARWATER 
1976 - 1977 
Percent Snowcover 
2 
26 
27 
25 
42 
35 
55 
77 
49 
CLEARWATER 
1975 - 1976 
Percent Snowcover 
44 
80 
77 
87 
88 
92 
90 
89 
88 
75 
73 
71 
- Date 
March 29 
April 9 
June 1 
June 4 
June 7 
June 20 
June 27 
J u l y  1 
J u l y  9 
Date -
March 11 
March 22 
A p r i l  4 
A p r i l  7 
Apr i l   12  
A p r i l  2 3  
A p r i l  2 7  
June 5 
Date -
Apri l   29  
May 9 
May 12 
May 1 3  
May 15 
Nay 19  
Way 21 
June 5 
June 1 8  
June 26 
J u l y  2 
May 1 
Percent Snowcover 
63 
5 9  
32 
25 
21 
14 
12 
11 
9 
Percent Snowcover 
72 
79 
73 
67 
56 
34 
37 
10 
Percent S n o l i E  
70 
66 
54 
5 2  
49 
48  
41  
37 
27 
2 1  
19 
1s 
23 
I I l l  I 1  1 1 l 1 l l  1 1 1 1 l l l I  
CLEARWATER 
Date 
December 1 
December 29 
December 31 
March 6 
April   10 
May 10 
May 13  
4r i1  12 
Date -
Apri l   13  
May 3 
June 10 
1974 - 1975 
Percent  Snowcover 
41 
95 
97 
88 
87 
76 
70 
62 
CLEARWATER 
19 74 
Percent Snowcover 
91 
78 
31 
Date -
May 14 
June 1 
June  10 
June 29 
J u l y  2 
July 5 
J u l y  8 
July 11 
Percent  Snowcover 
67  
49 
42 
26 
13 
14 
10 
6 
2 4  
I 
Date -
May 6 
May 17  
May 18 
June 1 
June 4 
June 28 
Ju ly  19  
J u l y  23 
J u l y  25 
Date -
May 23  
June 5 
June G 
June 17 
J u l y  2 3  
Date 
June 18 
J u l y  3 
Ju ly  15  
Ju ly  18  
J u l y  25 
August 30 
-
Date 
”
May 21 
J u l y  1 
J u l y  4 
J u l y  5 
J u l y  9 
August 12 
September 13 
COLUMBIA ABOVE MICA 
1978 
Percent  Snowcover 
74 
59 
61 
59 
55 
50 
33 
24 
18 
COLUMBIA ABOVE MICA 
1977 
Percent  Snowcover 
63 
62 
50 
31 
17 
COLUMBIA ABOVE MICA 
1976 
- Percent  .” Snowcover 
54 
52 
44 
44 
39 
16 
COLUMBIA AI1OVE MICA 
1975 
”__ 
Percent  Snowcover 
57 
40 
37 
32 
27 
17 
15 
25 
Date 
March 7 
March 25 
April   13 
May 20 
June 12 
June 19 
-
Date -
May 18 
June 22 
COLUMBIA ABOVE REVELSTOKE 
1974 
Percent Snowcover 
69 
87 
74 
54 
58 
48 
COLUMBIA ABOVE REVELSTOKE 
1973 
Percent Snowcover 
65 
36 
26 
DESCHUTJ3 
1977 - 1978 
Date 
November 8 
November 20  
December 31 
January 23 
February 28 
March 14 
~ 
Date __ 
November 27 
December 1 
January 5 
January 27 
January 30 
Date 
_I 
Novenlbcr 12 
Deccrnber 9 
January  18 
January 25 
January 2 8  
Fcbruary 1 
Fcbrualy 5 
Date ." 
Deceib+cr 23 
Deccldxr 25 
December 28 
Dccc1I;bcr 31 
January  18 
January 21 
January 27 
January  30 
February 21 
Percent  Snowcover - Date
2 
9 3  
100 
51 
29 
24 
DESCHUTES 
1976 - 1977 
Percent Snowcover 
~~ 
2 
1 
100 
23  
23 
DESCHllTES 
1975 - 1976 
-.___ " Percent Snowcover 
76 
3 
45 
36 
38 
34 
71 
DFSCHZITES 
1974 - 1975 
- - . - . Percent Saowcover 
92 
66 
70 
CG 
45 
41 
100 
100 
1 7  
54 
61 
78 
March 18 
March  26 
April 9 
Apr i l  12  
k Y  8 
- Date 
February  14 
March 5 
Apr i l  4 
April 14 
Apri l  27 
Date -
March  6 
March 12 
Apr i l  4 
Apri l  5 
A p r i l  14 
.Apr i l  23  
l,!ay 2 0 
June  14 
Date -
April 12 
April 20 
Apr i l  30 
Nay 12 
May 17  
Hay 1 
May 29 
May 25 
Nay 31 
June 8 
$E 94 
Percent - .. Snowcover 
24 
17  
10 
9 
5 
Percent Snowcover 
L 
39 
10 
9 
6 
- _ "  PErcent Snowcover 
52 
38 
27 
23  
22 
30 
9 
L 
" "~ 
Perccnt  Snowcover 
38 
32 
29 
26 
19 
17 
13 
11 
10 
8 
5 
8 
27 
I l l 1  I I l l 1  II I 1 1 l l l l l l l 1 l 1 1 l l l l l l l 1  11 l111 l  
FEATHER 
1977 - 1978 
Date 
November 6 
November 30 
December 8 
December 19 
December 24 
J a n u a r y  7 
J a n u a r y  20 
J a n u a r y  24 
J a n u a r y  29 
February 3 
February 11 
February 19 
February 22 
February 28 
-
- Date 
J a n u a r y  26 
J a n u a r y  30 
February 1 
February 6 
February 11 
February 14 
February 24 
February 27 
March 5 
P e r c e n t  Snowcover 
30 
14  
6 
85 
64 
73 
66 
69 
68 
73 
74 
66 
65 
63 
FEATHER 
1976 - 1977 
P e i c e n t  Snowcover 
62 
54 
50 
43 
42 
38 
76 
69 
57 
- Date 
March 6 
March 10 
March 14 
March 25 
A p r i l  1 
A p r i l  1 2  
April  21 
May 3 
May 7 
May 10 
May 17 
May 30 
June  4 
Date 
March 10 
March 19 
March 2 1  
March 26 
March 27 
April   4 
April   12 
Apr i l  20 
May 20 
Percent Snowcover 
61 
67 
59 
52 
51 
36 
59 
20 
27 
14  
14 
9 
7 
Percent Snowcover 
54 
46 
42 
62 
40 
2 8  
16 
9 
5 
28 
Date 
~ 
November 23 
November 27 
January 31 
February 2 
February 2 1  
March 9 
Date 
February 1 2  
March 18 
-
Date 
November 23 
November 27 
Jmuary  31  
February 2 
February 2 1  
March 9 
-
Date 
February 12 
March 18 
-
GENESEE  (ABOVE  PORTAGEVILLE, NEW YORK) 
". " 
1974-1975 
Percent Snowcover  Date - 
80 
81 
100 
100 
80 
- 
March 18 
April   9 
Apr i l  11 
Apr i l  14 
April   16 
. GENESEE . . . (ABOVE " ". . PORTAGEVILLE, . -~ " " NEW YORK) 
1974 
Percent Snowcover " Date 
81 
100 Apri l   10 Apr i l  11 
GENESSE  (BELOW  PORTAGEVILLE, NEW YORK) 
"" .~ . .  ~ 
1974 - 1975 
Percent  Snowcover  Date - 
62 
89 
76 
46 
84 
91 
M&ch 18 
Apri l  9  
Apr i l  11 
Apri l   14 
Apri l  16 
GENESEE  (BELOW PORTAGEVILLE, NEW YORK) 
1974 
~- Percent  ~ Snowcover Date -
93 
95 
Apri l   10 
Apr i l  11 
Percent Snowcover 
7a 
a0 
37 
29 
16 
Percent Snowcover 
100 
100 
Percent Snowcover 
43 
100 
67 
77 
24 
~~ 
Percent Snowcover 
100 
67 
29 
HUMBOLDT 
1977 - 1978 
Date 
November 8 
November 20 
November 23 
November 28 
December 19 
December 25 
January 1 
January 7 
January 15 
January 21 
January 24 
January 29 
February 8 
February  12 
-
Date 
December 2 
December 3 
Decembcr 8 
December 14 
December 17 
December 2 1  
January 17 
January-  19 
January 20 
January 2 1  
-
Jaiiuary 25 
Jarlunry 31 
February 3 
f : e b r u ; ~ ~ y  7 
Percent  Snowcover 
7 
40 
45 
8 
88 
73 
79 
66 
69 
80 
91 
78 
58 
99 
HUMBOLDT 
Date 
November 17  
November 28 
January 6 
January 24 
January '  25 
January 26 
February 2 
February 4 
February 13 
March 6 
March 8 
March 11 
March 21 
March 26 
Apri l  4 
Apri l  6 
April  19 
-
1976 - 1977 
Date 
February 20 
February 21 
February 23 
February 24 
February 28 
March 14 
March 15  
March 20 
March 25 
April 9 
A p r i l  1 2  
Apri.1 19 
May 8 
May 12 
-
Percent  Snowcover 
3 
1 
98 
80 
84 
75 
68  
64 
14 
45 
24 
42 
17 
11 
32 
8 
3 
HUMBOLDT 
1975 - 1976 
Percent  SnowcoIE 
62 
54 
16 
89 
76 
51 
57 
48 
48 
41 
75 
34 
28 
72 
Date 
February 21 
February 24 
February 26 
March 5 
March 7 
Mnrch 8 
March 9 
March 12 
March 20 
Apr i l  2 
A p r i l  7 
April 17 
-
Percent  Snowcove2 
95 
89 
79 
73 
65 
54 
44 
22 
18 
34 
14 
8 
8 
6 
Percent S n o w c o E  
54 
43 
32 
57 
4 1  
2 8  
23 
30 
35 
19 
10 
2 7  
1 1  
? 
30 
JOHN DAY 
1977 - 1978 
Date -
November 8 
November 20 
December 18 
December 19  
December 31 
January 23  
January 2 7  
February 8 
February 21 
Date 
~ 
November 27 
November 29 
December 28 
January 5 
January 27 
January 30 
February 14 
February 1 7  
Date -
November 12 
December 9 
January 1 
January 16 
January 19  
January 20 
January 2 1  
January 25 
JaRuary 28  
February 1 
February 5 
February 20 
March 4 
Percent  Snowcover 
5 
96 
77 
75 
100 
51 
37 
39 
38 
JOHN DAY 
1976 - 1977 
Percent Snowcover 
22 
9 
2 
100 
62 
62 
8 
7 
JOHN DAY 
1975-1976 
Percent Snowcover 
54 
8 
76 
47 
42 
42 
42 
44 
4 1  
38 
86 
74 
69 
Date 
February 28 
March 14 
March 18 
March 26 
A p r i l  9 
Apr i l   12  
May 8 
-
Date 
March 5 
March 14 
March 30 
A p r i l  4 
A p r i l  6 
Apr i l   12  
Apr i l  20  
-
Date 
March 6 
March 8 
hlarch 12 
March 29 
A p r i l  4 
A p r i l  5 
A p r i l  14 
A p r i l  2 3  
May 9 
June 5 
JuTe 1 4  
-
May 20 
Percent  Snowcover 
d l  
37 
28 
15 
1 7  
1 4  
4 
Percent Snowcover 
65 
47 
42 
32 
25 
12  
3 
Percent Snowcover 
49 
46 
46 
SO 
38 
32 
20 
2 3  
7 
8 
2 
2 
31 
JOHN DAY 
1974 - 1975 
Date 
December 23 
December 28 
December 31 
January 18 
January 21 
January 27 
January 30 
February 15 
February 21  
February 23 
February 24 
February 25 
March 5 
March 13 
March 16 
March 20 
- Percent  Snowcover 
80 
69 
70 
56 
46 
100 
100 
54 
81 
54 
52 
47 
41 
5 1  
54 
56 
Date -
March 2.7 
March 28 
March 28 
March 29 
April 12 
A p r i l  20 
April 30 
May 1 
May 12 
May 17 
May 25 
May 29 
May 31 
June 8 
June 10 
June  14 
Percent  Snowcover 
73 
68 
62 
68 
40 
42 
38 
28 
21 
13 
10 
6 
i 
6 
3 
2 
32 
Date -
May 8 
May 19 
June 1 
June 4 
June 7 
Date -
April  1 2  
Apr i l  25 
May 30 
Junc. S 
June 9 
June  17 
KOOTENAY 
1977 - 1978 
Percent  Snowcover  Date - Percent  Snowcover 
48 
4 1  
43 
40 
34 
KOOTENAY 
1976 - 1977 
Percent  Snowcover 
49 
39 
41  
30 
22  
16 
June 20 
June 28 
J u l y  14 
J u l y  15 
J u l y  25 
32 
26 
16 
16 
6 
33 
Date 
March 21 
March 28 
March 31 
Apri l   10 
Date 
Apr i l  7 
-
Apr i l  11 
April 13  
Apri l   15 
Date __ 
Apr i l  25 
LAKE OF THE WOODS (4 Sub-basins) 1977 
Basin 
Lake of t h e  Woods 
Namakan Lake 
Rainy Lake 
Rainy River 
Namakan  Lake 
Rainy Lake 
Rainy River 
Lake of t h e  Woods 
Nanakan  Lake 
Rainy Lake 
Rainy River 
Lake of t h e  Woods 
Rainy Lake 
Rainy River 
LAKE OF THE WOODS (4  Sub-basins)  1976 
Basin 
Lake of t h e  Woods 
Namakan Lake 
Rainy Lake 
Lake of  t h e  Woods 
Namakan  Lake 
Rainy Lake 
Lake o f  t h e  Woods 
Namakan Lake 
Rainy Lake 
Namakan Lake 
Rainy Lake 
LAKE OF 'ME WOODS (4 Sub-basins) 1975 
Basin __ 
Lake of t h e  Woods 
Namnkan  Lake 
Rainy I.&e 
Rain)' River 
Percent Snowcover 
76 
53 
67 
59 
6 
58 
9 
100 
100 
100 
100 
4 2  
62 
0 
Percent Snowcover 
42 
94 
94 
16 
63 
59 
16 
54 
58 
21  
9 
Percent Snowcover 
67 
82 
80 
2 
34 
Date -
November 9 
November 10 
November 20 
December 20 
December 25 
January  2 
January  22 
February 4 
February 13 
February 2 1  
February 23 
February 28 
March  4 
Date 
November 24 
Novebmer 27 
December 6 
December 12 
December 14 
December 15 
December 18 
December 28 
January 5 
January 24 
January 27 
February 3 
February 7 
February 9 
-
Date -
November 13 
November 20 
November  30 
Dccember 2 
December 17 
January  17 
J<muary  19 
January  20 
January  2 1  
January 29 
February 8 
February 22 
NORTH PLATTE (ALCOVA TO GUERNSEY) 1977 - 1978 
Percent  ~~. Snowcover - Date 
81 March  7 
49 March 8 
100 March 11 
82 March r 8  
70 March  20 
9 8  March 27 
100 March 30 
90  April  12 
100 A p r i l  24 
100 
79 
May 9 
way 1 2  
100 May 15 
93  May 22 
NORTH PLATTE (ALCOVA TO GUERNSEY) 1976 - 1977 
Percent Snowcover 
3 
100 
97 
78 
58  
43 
29 
56 
100 
51 
41 
43  
31 
27 
Date 
February 20 
February 24 
March 1 
March 13 
March 15 
March 22 
March 2 3  
March 27 
Apr i l  6 
April   10 
Apr i l  2 1  
Apri l   23 
May 2 
-
Apri l  1 4  
NORTH P L A T E  (ALCOVA TO GUEIUJSEY) 1975 - 1976 
Pe-rcent  Snowcover Date -
20 February 26 
38 March 7 
97 Wdrch 22  
15 Apr i l  1 
100 
83 
Apr i l  3 
Apri l  11 
82 
69 
62 May 17 
82 May 27 
85 
99 April  24 
May 2 
May 5 
Percent Snowcover 
67 
64 
43 
1s 
17 
14 
15 
10 
6 
70 
28 
4 
4 
Percent Snowcover 
18 
87 
69 
54 
41 
47 
33 
22  
28 
19 
15 
11 
10 
6 
- Percent . . ". Snowcover 
29 
48 
19 
16 
16 
9 
1 3  
7 
3 
3 
1 
35 
Date -
January 1 
January 29 
February 6 
February 16 
February 25 
March 18 
Date 
January 2 
January 27 
February 2 
February 6 
February 25 
March 1 
-
Date 
January 26 
March 7 
April  1 
April 5 
April   12 
-
NORTH PLA'ITE (ALCOVA TO GUERNSEY) 1975 
Percent Snowcover - Date 
100 
83 
100 
100 
56 
100 
March 28 
April 14 
A& 29 
May 15 
Hay 26 
NORTH PLATTE  (ALCOVA TO GUERVSEY) 1974 
Percent Snowcover - Date 
100 
100 
26 
100 
90 
26 
March 11 
March 29 
Apr i l  5 
April 16 
May 1 
NORTH PLATTE  (ALCOVA TO GUERNSEY) 1973 
Percent Snowcover Date -
39 
28 
32 
28 
27 
Apr i l  28  
May 11 
May 16 
May 23 
May 31 
Percent  Snowcover 
100 
19 
f 5  
6 
3 
Percent Snowcover 
26 
14 
33 
27 
9 
Percent Snowcover 
81 
12 
11 
4 
L 
36 
Date -
November  7 
November  9 
November 10 
November 14 
November 20 
December 20 
January 2 
January 22 
February 4 
February 13 
February 2 1  
February 23 
February 28 
March  4 
March  7 
Date 
November  4
November  7
November 15 
November 24 
November 27 
December 6 
December 1 2  
December 14 
December 15 
December 18 
December 28 
January 5 
Janualy 24 
January 25 
January 27 
January 30 
February 3 
February 7 
-
NORTH PLATE (Seminoe) 
1977 - 1978 
Percent  Snowcover - Date 
4 
81 
March  8 
March 11 
36  March 18 
3 March  20 
10 0 March 27 
88 March  30 
98   Apr i l  12 
100  April 24 
97 May 9 
97 May 12 
100 May 15 
93 May 22 
100 
97 
92 
June 12 
June 16 
NORTH PLATE (Seminoe) 
1976 - 1977 
Percent Snowcover 
2 
1 
13 
3 
96 
98 
79 
55 
54 
42 
82 
90 
84 
79 
76 
65 
58 
56 
Date 
February 9 
February 20 
March 1 
March  8 
March 1 3  
March 15 
March 22 
March 23 
March 27 
Apr i l  6 
Apri.1 10 
April   14 
Apr i l  2 1  
April  23 
May 2 
May 8 
May 9 
June 5 
-
Percent Snowcover 
87 
89 
78 
67 
54 
54 
32 
30 
68 
36 
19 
22 
17  
9 
Percent Snowcover 
51 
34 
80 
59 
76 
65 
54 
50 
41 
52 
33 
28 
21  
18 
14 
1 2  
11 
5 
37 
NORTH  PLATTE (Seminoe) 
1975 - 1976 
Percent Snowcover - Date 
3a February 26 
a2 March  22 
5s March  7 
17  March  9 
100 4r i1  1 
100 Apr i l  11 
aa 4 r i1  16 
9a   Apr i l  24 
a7 
51   Apr i l  3 
96 May 2 
100 
99 
May 13 
May 17 
May 27 
.Tune 5 
NORTH PLATTE (Seminoe) 
19 75 
Percent Snowcover - Date 
Date 
November 9 
November 13 
November 16 
November 20 
November 30 
December 2 
December 17 
January  17  
January 19 
January 20 
January 29 
February 8 
February 22' 
-
Date -
January 1 
January  29 
February 6 
February 16 
February 25 
March 18 
March 28 
Apr i l   14  
Date -
January 2 
January 27 
February 2 
February 6 
February 25 
March 1 
March 11 
March  29 
Date 
January 26 
lIarch  7 
Apr i l  1 
Apr i l  5 
Apri l  1 2  
-
100 
100 
100 
100 
93 
99 
100 
52 
April 24 
May 3 
May 15 
May 26 
June 5 
June 20 
June 26 
NORTH PLATTE (Seminoe) 
1974 
Percent Snowcover - Date 
100 
100 
89 
100 
94 
76 
62 
53  
April 5 
April   16 
Nay, 1 
May 22 
Flay 31 
June 18  
NORTH PLATTE (Seminoe) 
1973 
Percent Snowcover  Date - - 
100 
97 
93 
85 
85 
Apr i l  28 
Flay 11 
May 16 
May 23 
J m e  1 
Percent Snowcover 
69 
9 s  
79 
5s 
49 
44 
27 
35 
26 
16 
12 
7 
- 
16 
Percent Snowcover 
33 
34 
24 
15 
16 
9 
a 
Percent Snowcover 
75 
51 
25 
11 
7 
6 
Percent Snowcover- 
72 
26 
21 
1 4  
1 4  
38 
PAYETTF, 
1977 - 1978 
Date -
November 6 
November 30 
December 5 
December 20 
January 1 
January 7 
January 23 
February 19 
February 20 
March 10 
February 28 
March 15 
March 18 
Date 
November  30 
December 15 
December 19 
December 28 
February 1.7 
February 20 
March 5 
March 11 
March 16 
March 22  
March 25 
-
Date -
Apri l  21  
Apri l  23 
Apr i l  29 
May 1 
Kay 12 
b!ay 13 
Mny 9 
May 15 
Percent Snowcover 
25 
78 
73 
95 
96 
81 
96 
94 
85 
85 
82 
81 
a5 
Date -
March 27 
March 29 
Apr i l  9 
Apr i l  12 
Apr i l  23  
May 8 
May 31 
June 4 
June 7 
June 17 
June 27 
J u l y  9 
PAYETTE (above Emmett) 
1976 - 1977 
Percent Snowcover - Date 
3 Apr i l  4 
32 
31 
A p r i l  7 
Apri l  12 
32 Apr i l   15  
45 Apr i l  20 
43   Apr i l   27  
81 
72 
May 1 3  
May 31 
77 June 5 
66 
57 
PAYETTE (above Emmett) 
1976 
Percent  Snowover  
59 
67 
51 
50 
45 
43 
40 
39 
" 
Date 
May 17  
May 2 1  
May 26 
Jme 5 
June  18 
June 26 
J u l y  3 
Percent Snowcover 
71 
64 
68 
6 1  
50 
44 
31 
25 
23  
22 
19 
9 
Percent Snowcover 
62 
49 
36 
35 
27 
24 
16 
10 
8 
Percent Snowcover 
36 
28 
27 
17 
19 
15 
8 
39 
I I I I I I I Ill II II II l l l l l l  I 1  I1 I 1  I 1  I I 
Date -
November 1 2  
November 18 
December 3 
December 9 
January 16 
January 20 
January 25 
January 28 
February  7 
February 21 
Date -
November 26 
December 1 
December 5 
December 29 
January 2 1  
February 25 
March 5 
March 6 
March 28 
March 29 
Apri l  1 
April 12 
Apr i l  20 
May 8 
PAYETTE (above Emmett) 
1975 - 1976 
Percent  Snowcover 
78 
40 
92 
76 
98  
96 
98 
97 
98 
96 
Date -
March 10 
March 1 2  
March 21 
March 29 
April  4 
Apr i l  8 
April 10 
Apr i l  14  
Apr i l  16 
Apr i l  17  
PAYEITE (above Emmett) 
1974 - 1975 
Percent  Snowcover 
85 
94 
66 
98 
100 
91  
88 
88 
87 
88 
88 
88 
84 
79 
Date -
May 10 
May 1 2  
May 13 
May 14 
May 25 
May 29 
June 1 
June 5 
June 10 
June  14 
June  16 
June 22 
June 29 
J u l y  3 
Percent  Snowcover 
92 
93  
92 
87 
82 
76 
65 
65 
72 
63 
Percent Snowcover 
73 
60 
60 
58 
41 
40 
34 
31 
27 
26 
20 
16 
75 
31 
40 
RIO GRANDE ABOVE DEL NORTE 
1977 - 1978 
Date -
November 10 
November 13 
December 5 
December 9 
December 20 
December 25 
January  13 
February 24 
March 7 
March 26 
April 4 
April  7 
Date 
February 19 
February 23 
March 12 
March 14 
March 15 
March 19 
March 23 
March 27 
March 30 
April  7 
-
Percent  Snowcover 
60 
42 
59 
55 
81 
6 3  
64 
90 
87 
64 
68 
62 
- Date 
April 11 
April 16 
April  20 
May 9 
May 12 
May 15 
May 23 
May 30 
June 2 
June 12 
June 16 
R I O  GRANDE ABOVE DEL NORTE 
1977 
Perter.: Snowcover 
33 
93 
74 
55 
49 
46 
41 
39 
39 
55 
Date -
April  16 
April  21 
April  23 
May 2 
May 4 
May 7 
May 11 
May 17 
May 22 
May 30 
Percent Snowcover 
56 
60 
56 
90 
68 
48 
39 
35 
31 
18 
14 
Percent Snowcover 
34 
73 
26 
2 3  
31 
19 
15 
27 
17 
14 
41 
R I O  GRANDE ABOVE STATE LINE 
1977 - 1978 
Date -
November 9 
November 10 
November 13 
November 2 1  
December 5 
Decerober 9 
December 13 
December 20 
December 25 
January 2 
January  13 
January 22 
January 25 
January 27 
February 2 
February 4 
February  13 
February  19 
February 2 1  
February 24 
Date 
January 22 
January 30 
February 3 
February 7 
February 9 
February 15 
February  19 
February 23 
February 2 7 
March 6 
March 7 
March  9 
Percent Snowcover 
66 
53 
22 
74 
40 
32 
24 
46 
36 
53  
31 
51 
91 
80 
68  
67 
59 
68  
- Date 
March  7 
March 8 
March 16 
March 18 
March 26 
March 30 
A p r i l  4 
A p r i l  7 
April 11 
April 20 
May 9 
May 12 
May 15  
May 22 
May 30 
June 1 2  
4 r i 1  16 
RANDE ABOVE STATE  LINE 
1977 
Perc.ent Snowcover 
86 
80 
79 
74 
75 
61 
30 
61 
96 
81 
72 
56 
Date -
March 12 
March 14 
March 15 
March 19 
March 23  
March 27 
March 30 
Apr i l  7 
April 23 
May 2 
May 7 
May 17 
Percent Snowcover 
46 
38 
37 
36 
29 
32 
31 
32 
29 
26 
24 
49 
29 
19 
1 7  
15 
8 
Percent Snowcover 
66 
41 
27 
28 
19 
18 
18 
23 
14 
1 3  
10 
12 
42 
SACRAMENTO 
1977 - 1978 
Date -
November 6 
December 8 
December 19 
Qecember 24 
anuary 23 
January 29 
February 11 
February 19 
February 22  
February 28 
March 10 
Date -
January 26 
January 30 
February 1 
February 6 
February 11 
February 14 
March 5 
March 21 
Percent  Snowcover 
15 
2 
97 
94% 
39 
6 3  
45 
34 
28 
26 
SACRAMENTO 
1977 
Percent Snowcover 
83 
80 
80 
73 
54 
32 
49 
24 
Date -
March 14 
March  20 
March 25 
Apr i l  9 
Apr i l  12 
May 3 
May 7 
May 17 
May 30 
June 4 
Date -
March 26 
March 27 
April   4 
April 12 
April  20 
May 13 
May 20 
Percent Snowcover 
29 
I8 
19 
21 
11 
10 
10 
5 
4 
2 
Percent Snowcover 
42 
22 
11 
3 
14 
4 
a 
43 
SALMON AspVE WITEBIRD 
Date 
November 6 
November 20 
November 30 
December 20 
March 10 
March 15 
March 18  
March 2 1  
March 27 
-
Date 
November 20 
December 1 
December 16 
December 19 
December 28 
February 20 
March 11 
March 22 
-
Date 
November 18 
Dccembcr 9 
February 2 
March 10 
Narch 18 
Apr i l  4 
A p r i l  5 
April 8 
Apr i l  10 
Apr i l  29 
May 1 
May 9 
-
1977 - 1978 
Percent Snowcover 
42 
65 
78 
98  
92 
92 
88 
84 
78 
SALMON 
1976 - 1977 
Percent Snowc!over 
2 
14 
36 
31 
31 
44 
85 
74 
SALMON 
1975 - 1976 
Percent Snowcover 
81 
81 
98 
99 
95 
87 
83 
84 
80 
77 
73 
60 
Date -
March 29. 
April 9 
Apr i l   12  
June 1 
June  4 
June 7 
June 17  
June 27 
J u l y  12 
Date 
A p r i l  6 
A p r i l  8 
A p r i l  12 
Apr i l   15  
A p r i l  20 
A p r i l  2 7  
May 13 
June 5 
-
Date -
May 1 2  
May 13 
May 15 
May 17  
,May 20 
May 2 1  
May 26 
June 5 
June 18 
June 26 
J u l y  3 
Percent Snowcover 
71 
64 
61 
45 
35 
27 
27  
20 
12 
Percent Snowcover 
64 
48 
45 
33 
25 
16  
59 
37 
Percent Snowcover 
58  
50 
45 
45 
40 
39 
26 
27 
18  
11 
53 
44 
Date 
November 17  
November 26 
December 1 
March 6 
March 28 
April 10 
April 12 
April   20 
May 10 
May 1 3  
May 14 
May 29 
-
SALMON 
1974 - 1975 
Percent  Snowcover 
21 
58 
62 
96 
97 
9 3  
91  
87 
82 
72 
75 
57 
Date -
June 1 
June 5 
June 10 
June 14 
June 29 
J u l y  2 
J u l y  3 
J u l y  7 
J u l y  11 
Percent  Snowcover 
50 
46 
42 
36 
26 
15 
16 
15 
9 
45 
SALT 
Date 
November 9 
January 2 
January 7 
January 13 
January  22 
January 25 
January 26 
January 28 
February 3 
February  16 
February 17 
February 19 
February 20 
February 22 
February 23 
February 25 
-
Date -
November 17 
November 28 
November 29 
November 30 
December 1 
December 2 
December 4 
Decenber 8 
January 6 
January 9 
January 10 
January 1 2  
January 13 
January 15 
Ja7u3ry 24 
January 28 
January 31 
February 3 
February 7 
February 8 
February 13 
1977 - 1978 
Percent Snowcover 
5 
5 
4 
8 
34 
26 
22 
17 
17  
77 
70 
48 
47 
27 
22 
18 
SALT 
1976 - 1977 
Percent Snowcover 
2 
44 
39 
23 
18 
8 
7 
4 
58 
81 
58 
50 
14 
44 
19 
19 
16 
15 
17 
1 2  
13 
- Date 
March 7 
March 8 
March 14 
March 15 
March 16 
March 20 
March  25 
March 28 
April 3 
A p r i l  5 
A p r i l  11 
A p r i l  20 
May 8 
- Date 
February 14 
February 15 
February  19 
February 2 3 
February 26 
February 27 
February 2 8  
March 2 
March 3 
March 6 
March 30 
March 31 
.Apr i l  4 
Qril 5 
Apr i l  6 
Apr i l  7 
April   10 
Percent Snowcover 
15 
13 
31 
16 
16 
16 
10 
10 
10 
8 
7 
4 
4 
Percent Snowcover 
9 
9 
5 
4 
27 
14 
1 2  
40 
1 2  
5 
38 
22 
48 
29 
16 
16 
5 
46 
SALT 
1975 - 1976 
Date -
November 30 
December 1 
December 2 
December 3 
December 4 
December  7 
December 8 
December 10 
December 15 
December 17  
December 18 
December 28 
December 29 
January 1 
January  3 
January  5 
January  6 
January 7 
January  8 
January 11 
January 15 
January  17  
January 21 
January 25 
January 26 
Percent Snowcover 
82 
75 
74 
61 
45 
22 
20 
10 
47 
30 
20 
20 
15 
57 
50 
36 
19 
12 
10 
8 
7 
6 
6 
21 
15 
47 
- Date 
January 27 
January  29 
February 2 
February 17 
February 18 
February  19 
February 22 
February 24 
February 26 
March  9 
M a r c h  13 
March 14 
March 15 
March 18 
March  20 
March 24 
March 30 
April 1 
April 4 
April 1s 
April 20 
April 21 
A p r i l  24 
Percent Snowcover 
15 
1 3  
9 
15 
13 
10 
8 
9 
9 
21 
44 
1 3  
12 
9 
8 
7 
36 
17  
7 
61 
20 
7 
4 
SALT 
1974 - 1975 
Date -
November 4 
November  7 
November 10 
December  7 
DecemSer 10 
December 15 
December 24 
January 3 
January 4 
January 5 
January 12 
January  14 
January 18 
January 20 
January 25 
February 2 
February 6 
February 11 
February 12 
February  18 
February 19 
Percent  Snowcover 
14 
5 
2 
15 
3 
2 
41 
76 
67 
44 
40 
30 
9 
9 
8 
2 1  
20 
23 
17 
70 
64 
Date 
February 23 
February 24 
February 27 
March 1 
March  3 
March 17 
March 24 
March 30 
Apr i l  3 
Apr i l  5 
Apri l  6 
April   16 
Apr i l  20 
Apr i l  22 
Apr i l  24 
Apr i l  28 
Apr i l  30 
May 1 
May 3 
May 7 
May 13 
- Percent  Snowcover 
43 
42' 
29 
1 7  
1 7  
29 
15 
35 
27 
13 
13 
16 
11 
10 
9 
8 
6 
5 
4 
4 
3 
48 
SAN JUAN 
1977 - 1978 
Date 
February 3 
February 18 
February 22 
March 16 
March 25 
April  18 
April  24 
-
April  12 
Date 
November 29 
December 1 
December 3 
December 4 
December 8 
December 11 
December 13 
December 21 
December 27 
January 6 
January 11 
-
Date -
December 2 
December 4 
December 6 
Dccember 16 
De cember 17 
December 19 
December 29 
Janzary  16 
Zanuary 17 
January 19 
January 20 
January 21 
January 29 
Percent  Snowcover - Date 
96 May 9 
71 May 12 
54 May 15 
24 
19 
11 
9 
6 
SAN JUAN 
1976 - 1977 
Percent  Snowcover 
45 
39 
37 
31 
- ~~ 
27 
21 
13 
6 
10 
100 
96 
SAN JUAN 
1975 - 1976 
Percent Snowcover 
70 
56 
31 
59 
59 
43 
56 
40 
37 
33.5 
32 
29.4 
3s 
Date 
January 15 
January 17 
January 31 
February 7 
February 13 
February 18 
February 26 
March 6 
March 12 
March 30 
-
Date 
January 30 
February 2 
February 11 
February 13 
February 19 
February 22 
Fubruary 25 
March 6 
March 18 
March 20 
March 23 
March 26 
April  24 
-
Percent Snowcover 
11 
15 
Fi 
Percent Snowcover 
92 
92 
5 8  
41 
34 
25 
47 
32 
10 
6 
Percent  Snowcover 
31 
33 
41 
32 
29 
28 
16 
22 
8 
8 
5 
5 
5 
49 
SAN JUAN 
1974 - 1975 
Date 
November 5 
November 7 
November 12 
November 1 3  
November 20 
November 21 
December 1 
December 3 
December 16 
December 1 7  
December 1 8  
December 22 
December 24 
January  5 
January 18 
January 20 
January 22 
January 26 
February 1 
February 2 
February 6 
February 11 
Fcbruary  12 
February 18 
Percent Snowcover 
13 
14  
10  
9 
6 
5 
7 
6 
21 
20 
17  
16 
81 
95 
88 
78 
67 
34 
26 
26 
65 
59 
30 
77 
Date 
Februafy  19 
February 23 
February 24 
February 25 
March 1 
March 3 
March 19 
March  30 
A p r i l  3 
A p r i l  5 
Apr i l  14  
Apr i l  16  
Apr i l  20 
A p r i l  22 
A p r i l  30 
May 3 
May 11 
May 1 3  
May 15 
May 26 
June 11 
June  3 
June 5 
-
4ri1 24 
Percent Snowcover 
67 
80 
62 
51 
29 
27 
27 
40 
27 
18 
23 
16 
15 
13 
1 2  
10 
10 
9 
7 
7 
7 
4 
5 
5 
50 
Date 
November 13 
March 7 
A p r i l  9 
Apr i l  12  
May 2 
May 9 
May 14 
May 25 
May 28 
June 1 
-
Date 
November 4 
Novimber  14 
November 2 3  
November 27 
Apr i l   13  
Apri l   19 
-
SNAKE ABOVE PALISADES 
1977 - 1978 
Percent  Snowcover 
22 
99 
99 
96 
75 
79 
70 
59 
57 
51 
Date -
June 5 
June 8 
June  13 
June  18 
June 21 
June 2 7  
J u l y  1 
J u l y  7 
J u l y  11 
July  19 
SNAKE ABOVE PALISADES 
1976 - 1977 
~~ Percent  ~ Snowcover  Date - 
20 
10 
9 
83 
67 
60 
Apr i l  23  
A p r i l  27 
May 9 
June 1 
June 5 
June 15 
Percent  Snowcover 
47 
38 
38 
32 
27 
25 
22 
20 
16 
11 
Percent Snowcover 
35 
43 
33 
27 
24 
12 
51 
ST. JOHN 
1978 
Date 
March 30 
Apr i l  19  
April 10 
Date 
A p r i l  4 
Apri l   10  
Apr i l   18  
A p r i l  39 
-
Date 
March ' 2 3 
Apr i l  6 
A p r i l  14 
A p r i l  2 1  
-
Date -
A p r i l  15 
A p r i l  20 
May 1 
Percent Snowcover 
99 
99 
9 8  
ST. JOHN 
1977 
Percent Snowccvsr 
96 
100 
79 
78 
ST. JOHN 
1976 
Percent Snowcover 
99 
86 
66 
51 
ST. JOHN 
19 75 
Percent Snowcover 
100 
100 
71 
Date -
May 7 
May 8 
May 11 
- Date 
April 30 
May 4 
May 1 8  
Date -
A p r i l  29 
May 1 
Date __ 
May 10 
May 14 
May 1 7  
Percent Snowcover 
42 
16 
.32 
Percent Snowcover. 
29 
16  
3 
Percent Snowcove2 
29 
16. 
Percent Snowcover 
35 
2 1  
15 
~ " .  
52 
I 
SWEETWATER 
1975 
Date -
January 1 
January 29 
February 6 
February 25 
March 18 
March 28 
Date -
January 2 
January 27 
February 2 
February 6 
February 25 
March 1 
March 11 
Date 
January 26 
Marc.h  7 
Apr i l  1 
Apr i l  5 
Apri l   12 
Apr i l  2 8  
-
Percent  Snowcover 
100 
100 
100 
87 
98 
100 
SWEETWATER 
1974 
Percent Snowcover 
100 
100 
64 
100 
92 
64 
41 
1973 
Percent Snowcover 
1 OD 
91  
87 
84 
74 
72 
Date -
April 14 
A p r i l  24 
May 15 
May 26 
June 5 
June 20 
June 26 
Date -
March  29 
A p r i l  5 
Apri l   16  
May 1 
May 22 
May 31 
June  18 
Date -
May 11 
May 16 
May 23 
May 31 
Percent Snowcover 
31 
24 
9 
9 
2 
2 
1 
Percent Snowcover 
27 
46 
30 
16 
4 
2 
1 
Percent Snowcover 
1s 
13 
4 
3 
53 
Date 
November 7 
November 9 
November 10 
November 20 
December 20 
December 25 
January 2 
January 13 
January 22 
February 4 
February 13 
February 2 1  
February 23 
February 28 
-
Date 
November 4 
November 7 
November 15 
November 27 
December 6 
December 12 
December 14 
December 15 
December 18 
December 28 
January 5 
January 24 
January 25 
January 27 
January 30 
February 3 
-
Date -
Novmber 9 
Wovemher 13  
Novembcr 16 
November 20 
November 30 
DcceaLer 2 
Ilecc::iber 17 
January  17 
J m u n r y  19 
Januarf 20 
.January 21 
February 8 
Fcbrl?ary 3 
SWEETWATER 
1977 - 1978 
Percent  Snowcover 
3 
96 
78 
100 
56 
45 
100 
98 
100 
99 
100 
100 
93 
100 
SWEETWATER 
1976 - 1977 
Percent  Snowcover 
21 
7 
5 
100 
100 
86 
75 
64 
50 
64 
100 
67 
63 
63 
53 
47 
SHEETNATER 
1975 - 1976 
Percent Snuvcover 
7 
17 
3 
68 
100 
60 
100 
76 
96 
93 
89 
57 
100 
- Date 
March 4 
March 7 
March 8 
March 11 
March 18 
March  20 
March 27 
April   12 
April 24 
May 9 
May 1 2  
May 15 
May 22 
Date 
February 7 
February 9 
February 20 
February 24 
March 13 
March 15 
March 22 
March 23 
Apr i l  6 
Apri l  10 
April   14 
Apri l  23 
May 2 
May 9 
June 5 
-
- Date 
February 22 
February 26 
b:arch 7 
March 9 
March 22 
Apr i l  3 
Apr i l  11 
Apr i l  24 
May 2 
May 13 
May 17 
liky 27 
Junc 5 
Percent  Snowcover 
88 
71 
68 
49 
43 
35 
29 
14 
5 
86 
30 
6 
7 
Percent Snowcover 
43 
41 
25 
31 
72 
54 
35 
53 
18 
14 
4 
2 
1 
1 
44 
Percent  Snowcover 
91 
53 
56 
48 
3s 
19 
19 
11 
7 
5 
1 
1 
38 
54 
Date -
January 21 
January 24 
February 23 
March 25 
May 25 
June  25 
4 r i 1  22 
TAHOE-TRUCKEE 
1977 - 1978 
Percent Snowcover 
- 
24 
12 
6 
55 
1977 - 1978 
Date 
November 20 
December 19 
December 31 
January 23 
March 14 
March 26 
April  9 
April  12 
-
Date 
January 5 
January 2 7  
March 5 
April 4 
-
Date -
November 12 
January 18 
February 5 
March 4 
March 6 
March 8 
March 29 
Date 
December 2 3  
December 31 
January 21 
January 27 
January 30 
February 15 
February 21 
February 24 
Febnar). 25 
-
Percent Snowcover 
44 
40 
100 
31 
21 
7 
4 
6 
UMATILLA 
1977 
Percent Snowcover 
100 
34 
40 
13 
UMATI LLA 
1975 - 1976 
Percent Snowcover 
36 
36 
35 
25 
22 
35 
68 
WfATI LLA 
1974 - 1975 
"" 
Percent Snowcover 
35 
29 
25 
96 
96 
23 
55 
26 
26 
Date -
March 20 
March 27 
March 28 
April 12 
April 20 
May 1 
Ma)' 12 
May 25 
Percent Snowcover 
40 
30 
32 
14 
16 
13 
6 
2 
56 
VERDE 
1977 - 1978 
Percent Snowcover 
8 
3 
2 
3 
15 
29 
22 
18 
16 
86 
57 
36 
8 
3 
1 7  
VE W E  
1976 - 1977 
- Date 
November 8 
November 9 
January 2 
January 7 
January  13  
January 25 
January 26 
January 28 
February  3 
February 16 
February 16 
February  19 
%!!r&aaq 3 P 
&!Zzq i!? 
February 25 
Date -
November 28 
November 29 
November 30 
December 1 
December 2 
January 4 
January 9 
January 10 
January 11 
Janua ry  13  
January  15 
January 2 4  
January 28 
January 31 
February 2 
February 3 
" 
Percent Snowcover 
5 
3 
2 
1 
1 
44 
53  
46 
41 
35 
39 
2 3  
19 
17 
15 
15 
Date 
March 7 
March 8 
March 14 
March 15 
March 16 
March 20 
March 25 
March 28 
Apr i l  3 
April  5 
Apr i l  11 
Apr i l  20 
May 7 
May 8 
Date 
February 7 
February 13 
February 14 
February 15 
February 19 
February 26 
February 27 
Febmary 28 
March 2 
March 3 
March 6 
March 30 
April 4 
April   5 
Apri l  6 
April 7 
-
Percent Snowcover 
10 
9 
26 
17 
11 
6 
5 
2 
1 
1 
1 
1 
1 
1 
Percent Snowcover 
15 
9 
8 
8 
2 
28 
13 
1 2  
7 
8 
4 
2 
36 
24 
8 
4 
57 
- Date 
November 30 
December 1 
December 2 
December 3 
December 4 
December 7 
December 8 
December 1 0  
December 15 
December 1 7  
December 18 
December 28 
December 29 
January 1 
January '2 
January 5 
January  6 
January 7 
January 8 
January 11 
January 15 
January 16 
January 21 
VERDE 
1975 - 1976 
Percent Snowcover 
72 
58 
44 
26 
26 
18 
13 
9 
59 
37 
30 
1 3  
13 
18 
20 
9 
9 
9 
9 
6 
6 
6 
6 
V E R D E  
1974 - 1975 
- Date 
January 25 
January  26 
January 29 
February 2 
February 11 
February 17  
February 19 
February 22 
February 24 
February 26 
March 9 
March 13 
March 14 
March 15 
March 18 
March 20 
March 24 
A p r i l  18 
April 20 
Apr i l  21  
.April 24 
Percent Snowcover 
1 7  
13 
7 
5 
18 
1 4  
10 
10 
10 
22 
12 
9 
1 0  
8 
7 
5 
39 
21 
8 
3 
25 
Date 
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November 10 
December 7 
December 10 
December 15 
December 24 
Decemhcr 30 
J'anuary 4 
January 1 2  
January 14 
January 19  
January 20 
January 2 1  
Januarv 22 
J a ~ u a r f  25 
February 2 
February 6 
F ~ h r u n r y  8 
Februaly 11 
__ Percent Snowcover 
19 
1 4  
3 
1 7  
11 
4 
33 
35 
31 
36 
28 
1 7  
13 
12 
10 
6 
30 
27 
24 
24 
Date Percent Snowcover 
February 12 
February 18 
February 19 
February 23  
February 24 
February 27 
March 1 
March 3 
March 1 7  
March 19 
March 2 1  
March 24 
March 29 
Harch 30 
Apri  1 3 
A p r i l  5 
April 16 
A p r i l  20 
April 22 
April 24 
15 
57 
55 
38 
30 
22 
14 
9 
33 
21 
15 
12 
33 
27 
13 
5 
13 
3 
4 
3 
58 
Date -
January  21 
January 24 
March 25 
April 22 
May 25 
June 25 
WALKER 
1977 - 1978 
Percent Snowcover 
59 
WEISER 
1977 - 1978 
Percent  Snowcover - Date Date 
November 6 
Noveinber 30 
December 5 
December 20 
Janaury 1 
January 7 
January 23 
February 19 
February 20 
February 28 
March 10 
March 15 
March 18 
March 26 
-
- Date 
December 15 
December 19 
December 28 
February 17  
February 20 
March 5 
March 11 
March 16 
March 22 
Date 
November 1 2  
November 18 
December 9 
January 16 
January 20 
January 25 
January 28 
February 1 
Fcbruary 7 
February 21 
March 10 
March 1 2  
March 29 
Apri l  4 
Apri l  8 
-
6 
71 
44 
9 3  
100 
88 
71 
74 
58  
50 
41 
41 
43 
32 
WEISER 
1976 - 1977 
- Percent  Snowcover 
17  
5 
9 
21 
21 
38 
30 
38 
24 
WEISER 
1975 - 1976 
Percent  Snowcover ~~ 
37 
1 2  
66 
100 
100 
100 
100 
100 
100 
100 
95 
95 
83 
59 
55 
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Apr i l  12  
Apr i l  23  
May 8 
May 31 
June 4 
June 7 
Date 
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A p r i l  4 
A p r i l  7 
A p r i l  1 2  
Apri l   15 
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Apri l  27 
May 1 3  
May 31 
-
Date 
Apr i l  10  
April   14 
Apr i l  16 
A p r i l  17  
Apr i l  23 
A p r i l  29 
May 1 
May 9 
May 1 2  
May 1 3  
May 15 
May 17  
May 2 1  
May 26 
Juqe 5 
J m c  18 
-
Percent  Snowcover 
2 4  
31 
20 
17 
13 
15 
7 
3 
Percent Snowcovef 
22 
28 
15 
12 
10 
7 
3 
4 
3 
- Percent  Snowcover 
27 
26 
32 
23 
28 
24 
25 
16 
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1 2  
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9 
7 
7 
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2 
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March 26 
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Apri l  1 2  
Apr i l  20 
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Percent Snowcover 
45 
43 
36 
100 
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97 
89 
72 
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57 
45 
40 
a9 
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May 10 
May 12 
May 13 
May 14 
May 25 
May 29 
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June 5 
June 10 
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June 22 
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34 
25 
22 
20 
23 
22 
15 
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5 
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4 
4 
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March 26 
Apri l  9  
April 12 
May 7 
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Apr i l  14 
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-
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9 
12 
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4 
3 
Percent Snowcover 
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25 
20 
22 
20 
15 
16 
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Percent Snowcover 
24 
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33 
25 
19 
22 
15 
17 
16 
15 
3 
23 
62 
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December 28 
December 31 
January 21 
January 27 
January 30 
February 2 1  
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March 5 
March 10 
March 11 
March 27 
March 28 
Percent Snowcover 
16 
47 
42 
33 
19 
45 
36 
37 
30 
20 
20 
25 
36 
38 
6 3  
Date -
March 28 
March 29 
A p r i l  10 
Apr i l  12  
A p r i l  20 
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May 25 
May 29 
May 31 
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Percent Snowcover 
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37 
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35 
27 
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23 
16 
16 
15 
8 
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